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ABSTRACT : • 

PROBLEM TO BE SOLVED: To obtain luminescence with high 
brightness and high 

efficiency by having an organic layer contain a compound 
having special 
structure . 

SOLUTION: An EL element has an organic layer placed 
between a pair of 

electrodes whose at least one is transparent. The organic 
layer contains a 

compound represented by formula. In the formula, R1-R22 
independently show a 

hydrogen atom, a halogen atom, an hydroxyl group, a mercapt 
group, a cyano 

group, an amino group, a nitro group, a substituted or 
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non- substituted alkyl 

group, a substituted or non- substituted alkoxy group, a 
substituted or 

non- substituted alkyl thio group, a substituted or 
non- substituted N-monoalkyl 

amino group, a substituted or non-substituted N,N-dialkyl 
amino group, a 

substituted or non- substituted aryl group, a substituted or 
non- substituted 

aryl oxy group, a substituted or non- substituted aryl thio 
group, and a 

substituted or non-substituted heterocyclic group. By 
bonding adjacent 

substituted groups, a substituted or non- substituted aromatic 
ring or a 

substituted or non-substituted heterocycle may be formed 
also . 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the organic electroluminescent element (henceforth an organic 
EL device) to which the laminating of the organic layer which becomes inter-electrode [ of a pair at least with 
transparent one side ] from an organic compound was carried out. 



[Description of the Prior Art] An organic EL device is a display device which displays using emission 
(fluorescence and phosphorescence) of the light at the time of having the structure whose thin film containing a 
fluorescence organic compound was pinched between cathode and an anode plate, making an exciton (exciton) 
generate by making an electron and a hole (electron hole) pour in and recombine with said thin film, and this 
exciton deactivating. 

[0003] Drawing 3 is drawing showing the basic configuration of said organic EL device. This organic EL 
device 21 is Diamine which uses ITO (Indium Tin Oxide) for the anode plate 23 on a substrate 22 (anode), and 
is shown in the hole transportation layer 24 with the structure expression of the following chemical formula (** 
2). It is used, tris (8-quinolinolato) aluminum (III) (Alq3) shown with the structure expression of the following 
chemical formula (** 3) is used for the organic luminous layer 25, and the alloy of magnesium and silver is 
used for cathode (cathode) 26. The thickness of organic each class is about 50nm. Vacuum deposition is 
performing membrane formation of each class. When direct-current 10V are added to this organic EL device 21, 
they are 1000 cd/m2. Green luminescence of extent is obtained. This luminescence is taken out from the anode 



[0002] 




plate 23 side of ITO. 
[0004] 
[Formula 2] 



[0005] 
[Formula 3] 



[0006] The following chemical formula (** 4) shows the structure expression of Quinacridone which is high- 
class red pigments famous as a paint ingredient of a vehicle. It is this Quinacridone Alq3 of the luminous layer 
of an organic EL device By doping less than [ lmol% ], they are efficient 191 m/W and high brightness 100,000 
cd/m2. The report that it was obtained is also made. 
[0007] 
[Formula 4] 




[0008] 

[Problem(s) to be Solved by the Invention] However, the organic EL device which doped Quinacridone had the 
problem that a life got worse compared with the case where it does not dope, and had the place which should be 
improved in the point of color purity or endurance. This is considered to be from a lifting or a cone about 
membranous condensation working [ an organic EL device ] in the imino group and carbonyl group of the 
Quinacridone molecule carrying out hydrogen bond to other Quinacridone molecules, and to be because for the 
Quinacridone molecule to form a polymer and to stop emitting light by the above-mentioned reason. 
[0009] By the way, the organic EL device using ihe copper phthalocyanine (CuPc) shown with the structure 
expression of the following chemical formula (5) as a hole impregnation layer is also known in order to aim at 
improvement in the dependability of an organic EL device. 
[0010] 
[Formula 5] 




[001 1] However, when a copper phthalocyanine is used as a hole impregnation ingredient, since a copper 
phthalocyanine has the blue color of the body in the vacuum evaporationo film, absorption of the part of the 
yellow of EL emission spectrum to red is large, and an external quantum yield becomes low. Moreover, the 
copper phthalocyanine had the problem of being easy to produce leakage current etc., in order that the copper 



ion which separated might move in an organic EL device. 

[0012] Then, without starting un-arranging, such as condensation by hydrogen bond, even if it is made in view 
of the above-mentioned trouble and dopes in an organic layer, even if it uses for a hole transportation layer 
ingredient, as compared with a copper phthalocyanine, the permeability in a light region is good, and this 
invention aims at offering the organic EL device with which high brightness and efficient luminescence are 
obtained. 
[0013] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention ofclaim 1 is 
characterized by containing the compound in which the organic layer which becomes inter-electrode [ of a pair 
at least with transparent one side ] from an organic compound is shown with said chemical formula (** 1) in the 
organic EL device by which the laminating was carried out in said organic layer. 

[0014] Invention of claim 2 is characterized by allotting the electronic transportation layer which consists of an 
organic compound between the cathode of the electrodes of said pair, and the luminous layer of said organic 
layer in the organic EL device of claim 1. 
[0015] 

[Embodiment of the Invention] Drawing 1 is drawing showing the structure of the organic EL device by this 
invention. 

[0016] As shown in drawing 1 , ITO as an anode plate (anode) 3 is formed on the substrates 2, such as glass 
with which an organic EL device 1 has insulation and translucency. The organic layer 4 is formed on the anode 
plate 3. 

[0017] The organic layer 4 consists of 4d of electronic transportation layers formed on luminous layer 4c 
formed on hole transportation layer 4b formed on hole impregnation layer 4a formed on an anode plate 3, and 
hole impregnation layer 4a, and hole transportation layer 4b, and luminous layer 4c. 
[001 8] Hole impregnation layer 4a consists of CuPc (copper phthalocyanine) shown with the structure 
expression of said chemical formula (** 5), or a compound shown by the above-ization 1 , and is formed on an 
anode plate 3. 

[0019] Independently Rl -R22 of the above-izing 1, respectively In addition, a hydrogen atom, a halogen atom, 
The alkyl group which is not permuted [ a hydroxyl group, a sulfhydryl group, a cyano group, the amino group, 
a nitro group, a permutation, or ], The alkylthio group which is not permuted [ the alkoxy group which is not 
permuted / a permutation or /, a permutation, or ], The hetcrocyclc radical which is not permuted [ the aryl thio 
radical which is not permuted / the aryloxy group which is not permuted / the aryl group which is not 
permuted / N which is not permuted / N-monoalkylamino radical which is not permuted / a permutation or /, a 
permutation, or /, N-dialkylamino radical, a permutation, or /, a permutation, or /, a permutation, or /, a 
permutation, or ] is shown. However, it may join together by the substituents which adjoined further, and the 
heterocycle which is not permuted [ the aromatic series ring which is not permuted / a permutation or/, a 
permutation, or ] may be formed. 

[0020] Hole transportation layer 4b consists of alpha-NPD (N, N'-screw-(l-naphthyl)-N, N'-diphenyl benzidine) 
shown with the structure expression of the following chemical formula (** 6), and is formed on hole 
impregnation layer 4a. 
[0021] 
[Formula 6] 




[0022] Luminous layer 4c consists of DPVBi of the host ingredient shown with the structure expression of the 
following chemical formula (** 7), and is formed on electron hole transportation layer 4b. DPVBi has the peak 
of photoluminescence before and after 450nm. Moreover, the compound shown by the above-ization 1 is added 
by said DPVBi when using as a dopant. 



[0023] 




[0024] Alq3 which shows 4d of electronic transportation layers with the structure expression of said chemical 

formula (** 3) from — it becomes and membranes are formed on luminous layer 4c. 

[0025] On the organic layer 4 (4d of electronic transportation layers), LiF as an electron injection layer 5 is 

formed. On the electron injection layer 5, aluminum which consists of a metal thin film as cathode (cathode) 6 

is formed. 

[0026] 

[Example] (Example 1) On the substrate 2 which consists of glass, pattern formation (pattern width of face of 
2mm) of the ITO is carried out to the shape of a stripe, and an anode plate 3 is formed, and wet washing of this 
substrate 2 with ITO is carried out with an acetone etc., and it dries. Then, the substrate 2 with ITO is set in 
vacuum cvaporationo equipment, and the inside of a chamber is made into the vacuum of 10-5torr. Then, a 
mask is minded on the anode plate 3 of the substrate 2 with ITO, and it is 2 10mm. CuPc as hole impregnation 
layer 4a is vapor-deposited by 20nm thickness on a square. Furthermore, alpha-NPD as hole transportation layer 
4b is vapor-deposited by 60nm thickness on CuPc. And vapor codeposition of the compound and DPVBi which 
consist of a structure expression shown with the following chemical formula (** 8) on alpha-NPD is carried 
out. 
[0027] 
[Formula 8] 




O 



[0028] At this time, a compound (** 8) is made into 0.5-mol% to DPVBi. And the whole thickness set to 
luminous layer 4c which consists of 40nm. Furthermore, it is Alq3 as 4d of electronic transportation layers on 
luminous layer 4c. It vapor-deposits by 20nm thickness. Then, LiF as an electron injection layer 5 is vapor- 
deposited by 0,5nm thickness through a mask in the shape of a stripe (pattern width of face of 2mm), and 
aluminum as cathode 6 is vapor-deposited by 120nm of thickness on LiF. 

[0029] In the above-mentioned example, the compound (** 8) added by DPVBi is the following, and is made 
and compounded. 

[0030] Indanthrene (Tokyo formation make) is put into a flask with dimethyl sulfoxide (DMSO), and the 
stirring dissolution is carried out. Then, sodium methoxide (NaOMe) is added to this solution, and it stirs for 30 



minutes at a room temperature. Next, a benzyl chloride is added to this mixed solution, and mixed stirring is 
carried out at 80 degrees C for 1 hour. A solution is thrown in in iced water after reaction termination. A 
resultant is extracted with toluene out of this water solution. Furthermore, by the evaporator, it removes, the 
vacuum drying of the toluene is carried out, and a solid is obtained. This solid is remelted with toluene, a silica 
gel column chromatography dissociates and refines, and the target compound (** 8) is obtained. 
[003 1] Thus, the photoluminescence of the compound (** 8) obtained is shown in drawin g.! . In this drawing 
2 , a continuous line shows an excitation spectrum and the broken line shows the fluorescence spectrum. 
Moreover, a Fourier transform infrared spectrophotometer (IR), nuclear-magnetic-resonance spectroscopy (1 H- 
NMR), and mass analysis performed identification of the above-mentioned compound (** 8). Consequently, the 
molecular weight of the above-mentioned compound (** 8) was 587. 

[0032] And when the direct current voltage of minus was impressed to the anode plate 3 side of the component 
completed as mentioned above at the plus and cathode 6 side, EL spectrum which has a peak in 510nm was 
obtained from this component. Moreover, the drive life has also been improved. 

[0033] (Example 2) On the substrate 2 which consists of glass, pattern formation (pattern width of face of 2mm) 
of the ITO is carried out to the shape of a stripe, and an anode plate 3 is formed, and wet washing of this 
substrate 2 with ITO is carried out with an acetone etc., and it dries. Then, the substrate 2 with ITO is set in 
vacuum evaporationo equipment, and the inside of a chamber is made into the vacuum of 10-5torr. Then, a 
mask is minded on the anode plate 3 of the substrate 2 with ITO, and it is 2 10mm. CuPc as hole impregnation 
layer 4a is vapor-deposited by 20nm thickness on a square. Furthermore, alpha-NPD as hole transportation layer 
4b is vapor-deposited by 60nm thickness on CuPc. And vapor codeposition of the compound and DPVBi which 
consist of a structure expression shown with the following chemical formula (** 9) on alpha-NPD is carried 
out. 
[0034] 




0 



[0035] At this time, a compound (** 9) is made into 0.5-mol% to DPVBi. And the whole thickness set to 
luminous layer 4c which consists of 40nrn. Furthermore, it is Alq3 as 4d of electronic transportation layers on 
luminous layer 4c. It vapor-deposits by 20nm thickness. Then, LiF as an electron injection layer 5 is vapor- 
deposited by 0.5nm thickness through a mask in the shape of a stripe (pattern width of face of 2mm), and 
aluminum as cathode 6 is vapor-deposited by 120nm of thickness on LiF. 

[0036] In the above-mentioned example, the compound (** 9) added by DPVBi is the following, and is made 
and compounded. 

[0037] Indanthrene (Tokyo formation make) is put into a flask with dimethyl sulfoxide (DMSO), and the 
stirring dissolution is carried out. Then, sodium methoxide (NaOMe) is added to this solution, and it stirs for 30 
minutes at a room temperature. Next, l-(chloro methyl) naphthalene is added to this mixed solution, and mixed 
stirring is carried out at 80 degrees C for 1 hour. A solution is thrown in in iced water after reaction termination. 
A resultant is extracted with toluene out of this water solution. Furthermore, by the evaporator, it removes, the 
vacuum drying of the toluene is carried out, and a solid is obtained. This solid is remelted with toluene, a silica 
gel column chromatography dissociates and refines, and the target compound (** 9) is obtained. 
[0038] Moreover, a Fourier transform infrared spectrophotometer (IR), nuclear-magnetic-resonance 
spectroscopy (1 H-NMR), and mass analysis performed identification of the above-mentioned compound (** 
9). Consequently, the molecular weight of the above-mentioned compound (** 9) was 702. 
[0039] And when the direct current voltage of minus was impressed to the anode plate 3 side of the component 



completed as mentioned above at the plus and cathode 6 side, EL spectrum which has a peak in 5 lOnm was 
obtained from this component. Moreover, the drive life has also been improved. 

[0040] (Example 3) On the substrate 2 which consists of glass, pattern formation (pattern width of face of 2mm) 
of the ITO is carried out to the shape of a stripe, and an anode plate 3 is formed, and wet washing of this 
substrate 2 with ITO is carried out with an acetone etc., and it dries. Then, the substrate 2 with ITO is set in 
vacuum evaporationo equipment, and the inside of a chamber is made into the vacuum of 10-5torr. Then, a 
mask is minded on the anode plate 3 of the substrate 2 with ITO, and it is 2 10mm. Said compound (** 8) as 
hole impregnation layer 4a is vapor-deposited by 20nm thickness on a square. Furthermore, alpha-NPD as hole 
transportation layer 4b is vapor-deposited by 60nm thickness on the layer of a compound (** 8). And it is Alq3 
as electronic [ a luminous layer-cum-] transportation layers 4c and 4d on alpha-NPD. It vapor-deposits by 50nm 
thickness. Then, LiF as an electron injection layer 5 is vapor-deposited by 0.5nm thickness through a mask in 
the shape of a stripe (pattern width of face of 2mm), and aluminum as cathode 6 is vapor-deposited by 120nm 
of thickness on LiF. 

[0041] And when the direct current voltage of minus was impressed to the anode plate 3 side of the component 
completed as mentioned above at the plus and cathode 6 side, EL spectrum which has a peak in 520nm was 
obtained from this component. 

[0042] By the way, although the above-mentioned example explained the case where a compound (** 8 or ** 9) 
is doped as a luminescent material, and the case where a compound (** 8) was used as a hole impregnation 
layer to DPVBi of a host ingredient, the following compound (** 10 — izing 27) in which the concrete structure 
of said chemical formula (** 1) is shown can be doped into a host ingredient, or can also be used as a hole 
impregnation layer. 
[0043] 

[Formula 10] 



H 3 C 




o 



[0044] In compounding the above-mentioned compound (** 10), 2 and 1 1 -dimethyl indanthrene are put into a 
flask with dimethyl sulfoxide (DMSO), and it carries out the stirring dissolution. Then, sodium methoxide 
(NaOMe) is added to this solution, and it stirs for 30 minutes at a room temperature. Next, chlorination benzine 
is added to this mixed solution, and mixed stirring is carried out at 80 degrees C for 1 hour. A solution is thrown 
in in iced water after reaction termination. A resultant is extracted with toluene out of this water solution. 
Furthermore, by the evaporator, it removes, the vacuum drying of the toluene is carried out, and a solid is 
obtained. This solid is remelted with toluene, a silica gel column chromatography dissociates and refines, and 
the target compound (** 10) is obtained. 

[0045] Moreover, a Fourier transform infrared spectrophotometer (IR), nuclear-magnetic-resonance 
spectroscopy (1 H-NMR), and mass analysis performed identification of the above-mentioned compound (** 
10). Consequently, the molecular weight of the above-mentioned compound (** 10) was 630. 
[0046] 

[Formula 11] 



o 



[0047] The above-mentioned compound (** 1 1) is obtained by the synthetic approach of a compound (** 8), 
and the same synthetic approach instead of 2 and 1 1 -dimethyl indanthrene as a start raw material except using 2 
and 1 l-difluoro indanthrene. And the molecular weight of the above-mentioned compound (** 1 1) was 638 
[0048] 

[Formula 12] 




[0049] The above-mentioned compound (** 12) is obtained by the synthetic approach of a compound (** 9), 
and the same synthetic approach instead of l-(chloro methyl) naphthalene as a start raw material except using 2- 
(chloro methyl) naphthalene. And the molecular weight of the above-mentioned compound /** 12) was 702. 
[0050] 

[Formula 13] 



A O 




[0051] The above-mentioned compound (** 13) is obtained by the synthetic approach of a compound (** 9), 
and the same synthetic approach instead of l-(chloro methyl) naphthalene as a start raw material except using 1- 
(chloro methyl) biphenyl. And the molecular weight of the above-mentioned compound (** 13) was 754. 
[0052] 

[Formula 14] 



0 



[0053] The above-mentioned compound (** 14) is obtained by the synthetic approach of a compound (** 9), 
and the same synthetic approach instead of 1 -(chloro methyl) naphthalene as a start raw material except using 2- 
(chloro methyl) biphcnyl. And the molecular weight of the above-mentioned compound (** 14) was 754. 
[0054] 

[Formula 15] 




[0055] The above-mentioned compound (** 15) is obtained by the synthetic approach of a compound (** 9), 
and the same synthetic approach instead of 1 -(chloro methyl) naphthalene as a start raw material except using 9- 
(chloro methyl) anthracene. And the molecular weight of the above-mentioned compound (** 15) was 802. 
[0056] 

[Formula 16] 




[0057] The above-mentioned compound (** 16) is obtained by the synthetic approach of a compound (** 9), 
and the same synthetic approach instead of l-(chloro methyl) naphthalene as a start raw material except using 9- 
(chloro methyl) phenanthrene. And the molecular weight of the above-mentioned compound (** 16) was 802. 
[0058] 

[Formula 17] 



CH 3 

[0059] The above-mentioned compound (** 17) is obtained by the synthetic approach of a compound (** 9), 
and the same synthetic approach instead of l-(chloro methyl) naphthalene as a start raw material except using a 
2-(chloro methyl)-9-dimethyl fluorene. And the molecular weight of the above-mentioned compound (** 17) 
was 834. 
[0060] 

[Formula 18] 



0 




[0061] The above-mentioned compound (** 18) is obtained by the synthetic approach of a compound (** 9), 
and the same synthetic approach instead of l-(chloro methyl) naphthalene as a start raw material except using a 
2-(chloro methyl) dibenzo thiophene. And the molecular weight of the above-mentioned compound (** 18) was 
814. 
[0062] 

[Formula 19] 

C 2 H 3 O 




[0063] The above-mentioned compound (** 19) is obtained by the synthetic approach of a compound (** 9), 
and the same synthetic approach instead of l-(chloro methyl) naphthalene as a start raw material except using a 
3-(chloro methyl)-9-ethyl carbazole. And the molecular weight of the above-mentioned compound (** 19) was 
836. 
[0064] 

[Formula 20] 



[0065] The above-mentioned compound (** 20) is obtained by the synthetic approach of a compound (** 9), 
and the same synthetic approach instead of l-(chloro methyl) naphthalene as a start raw material except using 2- 
(chloro methyl) dibenzofuran. And the molecular weight of the above-mentioned compound (** 20) was 782. 
[0066] 

[Formula 21] 



[0067] The above-mentioned compound (** 21) is obtained by the synthetic approach of a compound (** 9), 
and the same synthetic approach instead of l-(chloro methyl) naphthalene as a start raw material except using 
the 2-(chloro methyl)- 1 -phenyl benzimidazole. And the molecular weight of the above-mentioned compound 
(**21)was834. 



[0069] The above-mentioned compound (** 22) is obtained by the synthetic approach of a compound (** 9), 
and the same synthetic approach instead of Mchloro methyl) naphthalene as a start raw material except using 2- 
(chloro methyl) benzoxazole. And the molecular weight of the above-mentioned compound (** 22) was 684. 
[0070] 

[Formula 23] 




[0068] 

[Formula 22] 



O 




O 



0 

r007ll The above-mentioned compound (** 23) is obtained by the synthetic approach of a compound (** 9), 
and the same synthetic approach instead of l-(chloro methyl) naphthalene as a start raw material except using 2- 
(chloro methyl) benzothiazole. And the molecular weight of the above-mentioned compound ( 23) was 716. 
[0072] 
[Formula 24] 




[0073] The above-mentioned compound (*+ 24) is obtained by the synthetic approach of a compound ( 9), 
and the same synthetic approach instead of l-(chloro methyl) naphthalene as a start raw maternal except using 
(chloro methyl) anthraquinone. And the molecular weight of the above-mentioned compound (** 24) was 862 
[0074] 
[Formula 25] 




o 



[0075] The above-mentioned compound (** 25) is obtained by the synthetic approach of a compound (* 9), 
and the same synthetic approach instead of 1 (chloro methyl) naphthalene as a start raw matcnal except using 2- 
(chloro methyl) thiophene. And the molecular weight of the above-mentioned compound (** 25) was 614. 
[0076] 

[Formula 26] 



rOOWl The above-mentioned compound (** 26) is obtained by the synthetic approach of a compound ( 9), 
and the same synthetic approach instead of l-(chloro methyl) naphthalene as a start iwrntaU except using 
(chloro methyl) pyrene. And the molecular weight or the above-mentioned compound (** 26) was 850. 
[0078] 

[Formula 27] 




r00791 The above-mentioned compound (** 27) is obtained by the synthetic approach of a compound ( 9), 
and the same synthetic approach instead of 1 -(chloro methyl) naphthalene as a start raw material except using 3- 
(chloro methyl)-2(3H)-benzothiazole. And the molecular weight of the above-mentioned compound ( 27) was 
748 

[0080] Thus since there is no condensation by hydrogen bond like conventional Quinacridone when it uses as a 
dopant added by the host ingredient according to the organic EL device using the organic compound ot the 
compound (** 8 --izing 27) in which the concrete structure of said chemical formula (** 1) is shown, an 
improvement of a component life is expectable. . 
[0081] Moreover, since the above-mentioned compound (** 8 -izing 27) has the high quantum yield of 
fluorescence, high brightness and production of an organic EL device which is efficient and maintains the 
luminescence engine performance with a good passage at a long period of time are possible for it. 
[0082] Furthermore, if the above-mentioned compound (** 8 -izing 27) is used as a hole transportation layer 
ingredient, since the permeability in a light region is good as compared with a copper phthalocyanme, the 
ejection effectiveness of EL luminescence improves, moreover, metal - since it is free, the leakage current ot 
an organic EL device is lost. 
T00831 

[Effect of the Invention] Due to the above explanation, according to the organic EL device of this invention, the 
condensation by hydrogen bond cannot take place easily so that clearly, and an improvement of a life can be 
aimed at compared with the former, moreover - since the permeability in a light region is good in comparison 
with a copper phthalocyanine - the ejection effectiveness of EL luminescence - improving - moreover, metal - 



since il is free, the leakage current of an organic EL device is lost. 



[Translation done.] 



